A 3:1 Site-Differentiated [4Fe-4S] Cluster Immobilized on a Self-Assembled Monolayer by Geer, Erwin P.L. van der, et al.
1
Supporting Information for the article:
A 3:1 Site-Differentiated [4Fe-4S] Cluster Immobilized on a Self-Assembled 
Monolayer
Erwin P. L. van der Geer,
1 Coenraad R. van den Brom,
2 Imad E. Arfaoui,
3 Laurent 
Houssiau,
4 Petra Rudolf,
3 Gerard van Koten,
1 Robertus J. M. Klein Gebbink,
1 and 
Bart Hessen
1,2
1Chemical Biology & Organic Chemistry, Faculty of Science, Universiteit Utrecht, 
Padualaan 8, 3584 CH Utrecht, The Netherlands
2Stratingh Institute and Zernike Institute for Advanced Materials, University of 
Groningen, 
Nijenborgh 4, 9747 AG Groningen, The Netherlands
3 Zernike Institute for Advanced Materials, University of Groningen, 
Nijenborgh 4, 9747 AG Groningen, The Netherlands
4 Laboratoire Interdisciplinaire de Spectroscopie Electronique, Facultés Universitaires 
Notre-Dame de la Paix, Rue de Bruxelles 61, 5000 Namur, Belgium
XPS attenuation correction in a mixed monothiol/dithiol SAM.
In XPS analysis of SAMs, the photoelectron signal from atoms buried under the 
surface is attenuated by scattering effects from overlying layers. To correct for this 
attenuation, Whitesides et al. have studied the attenuation lengths ￿ of photoelectrons 
in  SAMs,  with  ￿  defined  as  the  thickness  of  material  required  to  attenuate  the 
generated flux of electrons by a factor 1/e.
1 If the experimentally measured signal 
intensity of a layer of an element X under study is Ie(X), and Ii(X) is the signal were it 
not attenuated by overlying layers, then ￿ relates the two variables according to:2
(1)
Here, d is the thickness of the layer overlying the atoms under study and ￿ is the 
take-off angle, defined as the angle between the surface normal and the analyzer axis. 
￿ is the density of the overlying layer, relative to a solid layer (￿ = 1). In contrast to Ie, 
Ii  can  be  used  to  calculate  the  elemental  composition  of  the  sample  under 
investigation.
In  a  mixed  monothiol/dithiol  SAM, three  different  depths  with  respect  to  the 
outermost surface define the structure of the sample (Figure 1).
Figure 1. Layers relevant to attenuation in a mixed monothiol/dithiol SAM.
z1  is  the  thickness  of  the  surface  thiol  layer, z2  is  the  thickness  of  the  entire 
protruding layer, and z3 is the thickness of the SAM without the gold-bound sulfur 
atoms. Of the two sulfur signals, only the one arising from the gold-bound sulfur layer 
is  attenuated.  For  convenience,  we  assume  that  the  attenuating  effects  of  the 
protruding thiol and methylene groups are the same and that the entire protruding 
layer 0 < z < z2 has a uniform density ￿. Ie for the gold-bound sulfur signal can then be 
expressed as:
(2)
For carbon, generation and attenuation of photoelectrons occur in the same layer.
Ie(C) in such a layer, if not attenuated by any overlying layers, can be expressed as:
2
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Here, I0(C) is the intrinsic intensity per unit thickness. For the mixed SAM, Ie(C) 
is the sum of contributions from the carbon atoms in the protruding (z1 < z < z2) and 
the buried (z2 < z < z3) layers:
(4)
The factors preceding the integrals correct for the attenuation by overlying layers. 
Evaluation of the integrals gives:
(5)
I0(C) can be expressed in terms of Ii(C) using:
(6)
Evaluation of the integrals leads to:
(7)
Finally, substitution of equation 7 in equation 5 gives:
(8)
Equation 8 holds true if all the carbon atoms are treated collectively, but the 
carbon signal can also be split into contributions from sulfur- and non-sulfur-bound 
methylene groups. The carbon atoms bound to the protruding thiol groups are only 
attenuated by those thiol groups. For every protruding thiol-bound carbon atom, there 
are 1/￿ carbon atoms attached to gold-bound sulfur atoms. The expression for their 
attenuation is the same as that of the gold-bound sulfur atoms, corrected for the fact 
that  the  attenuating  layer  above  them  is  less  thick  by  the  thickness  d0  of  one 
methylene or thiol layer. The experimental intensity Ie(CS) of the sulfur-bound carbon 
signal can then be expressed as a sum:
(9)
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For the remaining carbon atoms, the intrinsic intensity Ie(CC) becomes:
(10)
In order to use equations 2, 9, and 10 for calculating the stoichiometry of the 
mixed SAM, the values of ￿, d0, and ￿ must be known. For d0, we have employed the 
value reported by Porter and co-workers
3 for alkanethiolate SAMs on gold (1.1 Å) 
and assumed the same value for the surface thiol groups; the error possibly arising 
from  this  assumption  is  minimal.  ￿  was  calculated  using  the  empirical  formula 
reported by Whitesides and co-workers:
1a
(11)
Here, EK is the kinetic energy of the photoelectrons. 
For ￿, we assumed a value of 0.1, reflecting the ratio of monothiol and dithiol in 
the solution from which the mixed SAM was obtained. Equation 2 then yields the 
intrinsic  intensity  of  the  gold-bound  sulfur  signal,  which  can  be  compared  to  the 
intrinsic intensity of the (unattenuated) surface thiol groups. The comparison gives a 
corrected value for ￿ which can be re-entered in equation 2. Performing this process 
iteratively leads to convergence of ￿ at the practically unchanged value of 0.099, 
supporting our initial assumption.
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